Introduction
============

Colorectal cancer (CRC) is one of the most common cancers worldwide with approximately 1,000,000 people diagnosed annually [@B1]. CRC is the third most common cancer worldwide diagnosed for both genders, with a slightly higher incidence in males, after lung and breast cancer, and the fourth highest cause of cancer death after lung, liver and stomach cancer [@B2]. Approximately 25% of patients present with metastases at initial diagnosis and almost 50% of patients with CRC will develop metastases, contributing to the high mortality rates reported for CRC [@B3].

5-fluorouracil (5-FU) has been the backbone of CRC treatment and it has been demonstrated that the use of combination regimens of 5-FU with cytotoxic agents, such as irinotecan and oxaliplatin, have improved the survival of patients with metastatic disease. Intravenous 5-FU can be substituted for capecitabine either as a single agent or combined with oxaliplatin, with the convenience of oral administration. All these regimens are generally considered interchangeable [@B4] and several variations of these combinations exist with the acronyms: FOLFOX (5-FU+oxaliplatin), XELOX or CAPOX (capecitabine+oxaliplatin) and FOLFIRI (5-FU+irinotecan). The combination of capecitabine+irinotecan (XELIRI) and 5-FU+oxaliplatin+irinotecan (FOLFOXIRI) are probably more toxic [@B5],[@B6],[@B7].

This article reviews the clinical trial evidence for choosing optimal therapy in the treatment of patients with metastatic CRC (mCRC), incorporating new molecularly targeted drugs to chemotherapy agents.

Metastatic colorectal cancer
============================

When tumour lesions become metastatic, the overall treatment strategy depends on whether the metastatic disease is respectable or only amenable to a palliative approach. The evaluation of resectability in patients with metastases should be standardized by a multidisciplinary committee, which should determinate, the goals of the treatment: prolongation of survival, cure, improving tumour-related symptoms, stopping tumour progression and/or maintaining quality of life.

Resectable metastasic disease
-----------------------------

If the metastatic disease is resectable, the first-line treatment priority is immediate tumour control to ameliorate significant disease-related symptoms, to stabilize quickly progressing disease and to reduce metastases before surgery. The medical treatment of mCRC involves recently chemotherapy in combination with new molecular targeted drugs and these new regimens provide a higher resection rate (RR), longer progression free-survival (PFS) and better overall survival (OS) [@B8]. There is little difference in efficacy between FOLFOX and FOLFIRI and the main difference between these two combination therapies is the toxicity profile; more gastrointestinal side effects, fatigue and alopecia with FOLFIRI and more thrombocytopenia, neurotoxicity and hypersensitive reactions with FOLFOX [@B1],[@B9],[@B10]. Their combination with new molecular targeted drugs currently constitutes the backbone of systemic treatment of mCRC. The choice of one regimen over the other depends on factors such as patient age, ECOG performance status, comorbidities, patient preferences and toxicity or drug availability. The exposure to all three cytotoxic agents (5-FU, oxaliplatin and irinotecan) in various sequences may result in a longest survival. Regarding to XELOX, it is an alternative to FOLFOX if it is used alone or in combination, with a more favourable side-effect profile (with the exception of a relatively higher rate of hand-and-foot syndrome) [@B11],[@B12],[@B13],[@B14].

The addition of **bevacizumab** (a recombinant humanized monoclonal anti-body (Mab) that binds to and neutralizes vascular endothelial growth factor (VEGF) [@B15]) to FOLFOX or XELOX first-line regimens resulted in a significant improved of PFS compared with placebo plus chemotherapy (Saltz et al. study [@B16]: 9.4 *vs.* 8.0 months; HR 0.83; 97.5% CI, 0.72 to 0.95; p=0.0023). If bevacizumab is associated with FOLFIRI, Hurwitz et al. [@B17] demonstrated that the RR, PFS and OS were significantly higher in the group given FOLFIRI/bevacizumab than in the group given FOLFIRI/placebo: RR (44.8% *vs.* 34.8%; p=0.004), PFS (10.6 *vs.* 6.2 months; HR 0.54; p\<0.001) and OS (20.3 *vs*. 15.6 months; HR 0.66; p\<0.001). Currently the regimens used in first-line treatment are FOLFOX, XELOX, or FOLFIRI plus bevacizumab and there are large observational studies that show no overall median PFS either OS differences between the different combination therapy regimens [@B17]. According to bevacizumab toxicity, it presents uncommon severe adverse events with an acceptable toxicity clinically manageable (hypertension, proteinuria, bleeding, thromboembolism, gastrointestinal perforation, wound healing) [@B18],[@B19].

When others treatments are desired, adding a Mab specifically directed against the epidermal growth factor receptor (EGFR) could be considered, either as a single agent or in combination with FOLFOX or FOLFIRI first-line regimens. **Cetuximab** and**panitumumab** are both EGFR-targeted Mab that block ligand-induced phosphorylation of EGFR, and signalling pathways involved in the control of cell survival, cell cycle progression, angiogenesis, cell migration and cellular invasion/metastasis [@B15]. These anti-EGFR Mab have demonstrated good efficacy and safety profile [@B20], but they are bit recommended in combination with capecitabine-based regimens.

Regarding genetic, it is known that KRAS gene mutation (~m~KRAS) is predictive of non-response to EGFR-targeted Mab therapy [@B21],[@B22] but patients with mutations in codon 13 of the KRAS gene, which represent approximately 15-20% of all ~m~KRAS, seemed to respond to cetuximab with a similar magnitude to KRAS wild type (~wt~KRAS) patients [@B23],[@B24]. However, patients with mutations in exon 2 of KRAS are predictive of good outcomes for panitumumab treatment [@B25].

Bokemeyer et al. [@B26] conducted a phase II study of patients whose tumours were scored as ~wt~KRAS. They compared FOLFOX/**cetuximab** *vs*. FOLFOX regimen, where the addition of cetuximab was associated with a higher RR (61.0% *vs.* 37.0%; OR 2.54; 95% CI, 1.24 to 5.23; p=0.011) and a longer PFS (7.7 *vs.* 7.2 months; HR 0.57; 95% CI, 0.36 to 0.90; p=0.0163). Moreover, the largest trial of addition of cetuximab to oxaliplatin-based chemotherapy concluded that cetuximab increases RR, with no evidence of benefit in PFS or OS in ~wt~KRAS [@B27].

Further, the efficacy of cetuximab plus FOLFIRI in the treatment of patients with mCRC with ~wt~KRAS was evaluated by Van Cutsem et al. [@B28] where the addition of cetuximab to FOLFIRI significantly improved RR (57.3% *vs.* 39.7%; OD 2.07; 95% CI, 1.51 to 2.80; p=0.001), PFS (9.9 *vs.* 8.4 months; HR 0.67; 95% CI, 0.56 to 0.87; p=0.0012) and OS (23.5 *vs.* 20.0 months; HR 0.80; 95% CI, 0.67 to 0.95; p=0.0093) compared with FOLFIRI alone regimen. No significant difference in efficacy was evident in patients with ~m~KRAS.

Other study (Van Cutsem et al. study) [@B29] comparing FOLFIRI/cetuximab with FOLFIRI alone group provided confirmation that FOLFIRI/cetuximab increased RR (46.9% vs. 38.7%; HR 1.40; 95% CI, 1.12 to 1.77; p=0.004) and PFS (8.9 *vs.* 8.0 months; HR 0.85; 95% CI, 0.72 to 0.99; p=0.048). However, there was no significant difference between the treatment groups in OS.

The most common adverse event at any grade related to cetuximab was diarrhea and skin/subcutaneous tissue disorders [@B26].

Heinemann et al. [@B30] recruited patients in order to compare the association of FOLFIRI/cetuximab with FOLFIRI/bevacizumab in first line patients with ~wt~KRAS. Although the proportion of patients who achieved an objective response and the PFS were not significantly different between both groups (objective response: 62.0% *vs.* 58.0%; OR 1.18; 95% CI, 0.85 to 1.64, p=0.18 and PFS: 10.0 *vs.* 10.3 months; HR 1.06; 95% CI, 0.88 to 1.26, p=0.55), this study suggests that FOLFIRI/cetuximab could be the preferred first line schedule because of its association with a significant longer OS (28.7 *vs.* 25.0 months; HR 0.77; 95% CI, 0.62 to 0.96; p=0.017). Safety profiles were according to known side effect.

Because of that, all chemotherapy (FOLFOX/FOLFIRI) plus cetuximab or bevacizumab combinations should be regarded as appropriate.

As far as panitumumab is concerned, the PRIME trial [@B31] compared FOLFOX/**panitumumab** *vs*. FOLFOX in previously untreated ~wt~KRAS patients. A statically significant improvement in PFS was observed compared with FOLFOX alone regimen (9.6 *vs.* 8.0 months; HR 0.80; 95% CI, 0.66 to 0.97; p=0.02), but did not lead to a significant improvement in median OS (23.9 *vs.* 19.7 months; HR 0.83; 95% CI, 0.67 to 1.02; p=0.072). Complete resections after metastasectomy of any site were achieved in 8.3% of patients treated with FOLFOX/panitumumab and 7.0% of patients treated with FOLFOX. The most common adverse event related to panitumumab was skin toxicity.

In the PEAK study [@B32], FOLFOX/panitumumab was also compared with FOLFOX/bevacizumab regimen in patients with previously untreated ~wt~KRAS mCRC resulting in similar PFS (10.9 *vs.* 10.1 months; HR 0.87; 95% CI, 0.65 to 1.17; p=0.353), but longer OS favouring panitumumab arm (34.2 *vs.* 24.3 months; HR 0.87%; 95% CI, 0.44 to 0.89; p=0.009).

Regarding the addition of an anti-EGFR Mab to standard first-line chemotherapy/bevacizumab, two phase III trials showed a shorter PFS, major toxicity and inferior quality of life compared with the standard therapy [@B33],[@B34].

Different chemotherapy regimens in first-line in the mCRC treatment are summarized in table [1](#T1){ref-type="table"}.

Even though the increases of RR, PFS and OS, many patients inevitably **relapsed** due to the newly acquired tumor resistance or have **a tumor progression** that involve switching to salvage therapies in second, and subsequent lines of chemotherapy treatment. For most patients progression following an oxaliplatin doublet will result in a switch to irinotecan-based therapy and vice-versa.

Respect to the choice of Mab in second-line therapy, it depends as in the first-line treatment on various factors: KRAS status, patient age, ECOG performance status and comorbidities, toxicity and drug availability.

In the second-line setting, the Eastern Cooperative Oncology Group 3200 study [@B35] enrolled patients previously treated with FOLFIRI and found that RR (22.7% *vs.* 8.6%; p\<0.0001), PFS (7.3 *vs.* 4.7 months; HR 0.61; p\<0.0001) and OS (12.9 *vs.* 10.8 months, HR 0.75; p=0.0011) were all significantly improved with FOLFOX/bevacizumab treatment compared with FOLFOX alone. This association were related to an increase of toxicities (14%) grade 3-4 such as hypertension, bleeding, nausea vomiting. According to FOLFIRI, the addition of bevacizumab to this regimen was associated with a trend of OS improved (25.1 vs. 22.2 months) [@B17].

For patients with ~wt~KRAS, EGFR-targeting Mabs provide an additional option for second-line or subsequent salvage therapies because have clear benefits in later lines of therapy.

The EPIC trial [@B36] aimed to determine whether the addition of cetuximab to FOLFIRI prolonged survival in patients previously treated with oxaliplatin-based therapy. The results showed higher RR (16.4% *vs.* 4.2%; p=0.0001), longer PFS (4.0 *vs.* 2.6 months; HR 0.69, 95% CI, 0.62 to 0.78; p=0.0001) and similar OS (10.7 *vs.* 10.0 months; HR 0.97, 95% CI, 0.85 to 1.11; p=0.71) in cetuximab arm. These data were also observed in the ELSIE study [@B37] where patients from Asia and Australia were involved.

Regarding to panitumumab, Peeters et al. [@B38] presented its combination with FOLFIRI in second-line treatment, which resulted in a higher median PFS (5.9 *vs.* 3.9 months; HR 0.73; 95% CI, 0.59 to 0.90; p=0.004) and a not statically significant increase in median OS (14.5 *vs.* 12.5 months; HR 0.85, 95% CI, 0.70 to 1.04; p=0.12) in favour of panitumumab subpopulation.

Nevertheless, published data comparing the addition of cetuximab or panitumumab to FOLFOX in second-line treatment with FOLFOX therapy alone are very limited and to emphasize that triple combination of chemotherapy + anti-EGFR Mab + anti-VEGF Mab therapy is not recommended for the treatment of patients with mCRC.

Others therapies are**aflibercept** and**ramucirumab,** a recombinant fusion protein and Mab whose mechanism of action is to target VEGF and placental growth factor by blocking angiogenesis [@B15]. It has only been demonstrated to have activity when they are used in combination with FOLFIRI in oxaliplatin pre-treated patients. Respect to aflibercept, this recombinant fusion protein has to be used in oxaliplatin pre-treated patients regardless of whether they have been pre-treated with bevacizumab in first-line therapy. The results were confirmed in the VELOUR study [@B39] where the addition of aflibercept to FOLFIRI showed a better results on the aflibercept arm: higher RR (19.8% *vs.* 11.1%; p=0.0001), PFS increase (6.90 *vs.* 4.67 months; HR 0.76; 95% CI, 0.66 to 0.87; p=0.0001) and median OS improvement (13.50 *vs.* 12.06 months; HR 0.82; 95.34% CI, 0.71 to 0.94; p=0.0032). The security of this combination resulted in an enhancing of adverse effects associated with FOLFIRI plus aflibercept treatment-related toxicities (hypertension, mucosal bleeding, proteinuria) [@B39]. According to ramucirumab, this Mab has to be used in oxaliplatin and bevacizumab pre-treated patients. RAISE [@B40] study showed an improvement in ramucirumab plus FOLFIRI treated patients comparing to placebo plus FOLFIRI patients (PFS: 5.7*vs*. 4.5 months; HR 0.793; IC 95%: 0.697 to 0.903; p=0.0005; and OS: 13.3*vs*. 11.7 months; HR 0.844; IC 95%: 0.730 to 0.976; p=0.0219). Grade 3 or worse adverse events seen in more than 5% of patients were neutropenia (38%), with febrile neutropenia incidence of 3%, hypertension (11%), diarrhoea (11%) and fatigue (12%), with a treatment-related deaths similar in both study arms (2.4% ramucirumab plus FOLFIRI *vs*. 2.0% placebo plus FOLFIRI) [@B41].

Different chemotherapy regimens in no first-line mCRC treatment are summarized in table [2](#T2){ref-type="table"}.

Progression after standard therapies
------------------------------------

Many patients progressing after all standard therapies maintain a good ECOG performance status and adequate organ function. They could be candidates for further therapy such as regorafenib and TAS-102, whose activity is not affected by KRAS status.

These further therapies have the advantage of oral administration.**Regorafenib** is an oral tumour deactivation agent that potently blocks multiple protein kinases, including kinases involved in tumour angiogenesis and oncogenesis [@B15]. In the CORRECT trial [@B42], regorafenib treatment resulted in a statistically significant improvement compared to placebo in PFS (2.0 *vs.* 1.7 months; HR 0.49; 95% CI, 0.42 to 0.58; p=0.0001\] and in an OS prolongation (6.4 *vs.* 5.0 months; HR 0.77; 95% CI, 0.64 to 0.94; p=0.0102\]. Moreover, 93% of patients experienced any treatment adverse events and the most frequent were fatigue and hand-foot-skin reaction.

A second phase III, international, multi-center, randomized, double blind, placebo-controlled study (CONCUR) is another study where regorafenib efficacy and safety are evaluated. Results of CONCUR [@B43] study involved a significant longer PFS (3.2 *vs.* 1.7 months; HR 0.55, 95% CI, 0.40 to 0.77; p=0.00016) and OS (8.8 *vs*. 6.3 months; HR 0.31, 95% CI, 0.22 to 0.94; p\>0.001) than in CORRECT trial. This difference could be explained because of a less heavily pre-treated patient population in CONCUR study. Therefore, data from this study suggest that regorafenib should be used before patients deteriorate and before the reuse of previous lines of chemotherapy. It is important to ensure that patients receive regorafenib when they still have a good ECOG performance status and are suitable candidates. According to safety, 97% of the patients in CONCUR study had an adverse event during regorafenib treatment and the most frequent were hand-foot-skin reaction, hypertension, hyperbilirubinemia, hypophosphataemia and alanine aminotransferase concentration increases.

**TAS-102**, it is another novel oral agent. It is an anti-tumour agent composed of the cytotoxin *trifluridine* and the thymidine phosphorylase inhibitor*tipiracil* that prevents the degradation of trifluridine, maintaining an effective blood concentration of trifluridine. In the phase III RECOURSE trial [@B44], TAS-102 was associated with a significantly prolongation of PFS comparing to placebo (2.0 *vs*. 1.7 months; HR 0.48; 95% CI, 0.41 to 0.57; p\<0.001) and OS (7.1 *vs.* 5.3 months; HR 0.68; 95% CI, 0.58 to 0.81; p\<0.001). In particular, the efficacy of TAS-102 was documented in patients with disease that had been refractory to 5-FU when that drug had been administered as a component of the last treatment regimen before study entry and in patients who had previously treatment with regorafenib. The addition of TAS-102 to best supportive care, as compared with placebo plus best supportive care, resulted in a significant delay in the worsening of ECOG performance status from the baseline of 0 or 1 to 2 or higher (the median time to worsening in ECOG performance status was 5.7 months with TAS-102 compared with 4 months for placebo (HR, 0.66)). Neutropenia was the main reported adverse event, occurring in 38% of patients treated with TAS-102. Overall, febrile neutropenia occurred in 4% of patients, with 9% receiving granulocyte colony-stimulating factor as treatment. In conclusion, TAS-102 is considered well tolerated with mild toxic effects [@B45] in no more than 10% of patients.

Unfortunately, there is no pre-treatment biomarker that indicates which patients will or will not benefit from regorafenib and TAS-102 treatment and nowadays, the most important selection criteria for these treatments are patient\'s clinical factors (age, ECOG performance status, comorbilities) and history of previous treatment. Clinical experience shows that patients who have a deteriorated ECOG performance status do not respond to these treatments because are likely to experience adverse events without any benefit.

Palliative treatment
--------------------

Finally, most patients with mCRC present un-resectable disease and will be only candidates for palliative treatment. For such patients, chemotherapy plus bevacizumab or chemotherapy alone would be an appropriate first-line treatment choice depending on organ function and comorbidities. Notwithstanding the addition of EGFR-targeted Mab therapy to combination chemotherapy in ~wt~KRAS patients could also be considered in this setting. The aims of palliative therapy are prolongation of survival, symptom control and maintenance of quality of life. Classical determinants affecting the choice of systemic treatment can be divided into those relating to the patient (age, comorbidities and preferences), those relating to the disease (tumour resectability, disease burden, symptoms, rate of disease progression and prior treatment history) and those relating to the drug (toxicity, availability and cost).

For patients who cannot tolerate combination chemotherapy, or with slowly progressing and/or non-symptomatic disease, a potentially low toxicity chemotherapy regimen, such as 5-FU monotherapy, could enable the addition of a single biological agent more safely.

Metastatic Colorectal Cancer Future
===================================

Regarding the future, promising therapies are under development for the mCRC treatment. Several agents are currently being evaluated in different clinical trials including [@B46],[@B47]:Chemotherapy agents: topotecan (topoisomerase I inhibitor).Targeted therapies: trastuzumab (targeting overexpressed human epidermal growth factor receptor \[HER\] 2), erlotinib (targeting overexpressed HER1), lapatinib (dual HER1/2 inhibitor), onartuzumab (hepatocyte growth factor inhibitor), mapatumumab (tumour necrosis factor-related apoptosis-inducing ligand receptor-1 inhibitor), astivantinib, brivanib, cediranib and cabozantinib (tyrosine kinase inhibitor), vismodegib, dasatinib, saracatinib, bosutinib.Immunotherapies: nivolumab (anti-programmed death-1 receptor Mab), ipilimumab (anti-cytotoxic T-lymphocyte antigen-4 Mab).

Conclusions
===========

Substantial improvements have been made in the management of CRC over the last two decades. Treatment for mCRC is based largely on the stage of the cancer, but other factors, including any previous treatments and overall health, can also be important in order to decide the optimal treatment strategy. This strategy should be discussed by a multidisciplinary expert team.

The outcome of patients diagnosed with mCRC has clearly improved during recent years from an OS approximately of 12 months to nearly 30 months in recent clinical trials [@B48]. This improvement has been because of the integration of new cytotoxic agents and targeted therapies and these more effective therapeutic combinations have increased furthermore the rate of curative-intent surgical resections.

This work has been prepared in collaboration between the Complutense University of Madrid, Spain, and the Virgen de la Luz Hospital, Cuenca, Spain.

###### 

Mainly clinical trial and targeted therapies in first-line metastatic colorectal treatment.

  Study                          Design                       RR     p-value   Median PFS   p-value   Median OS   p-value
  ------------------------------ ---------------------------- ------ --------- ------------ --------- ----------- ---------
  **Saltz et al. [@B16]**        Bevacizumab + FOLFOX/XELOX   \-               9.4                    \-          
                                 vs.                                 \-                     0.002                 \-
                                 FOLFOX/XELOX                 \-               8                      \-          
  **Hurwitz et al. [@B17]**      Bevacizumab + FOLFIRI        44.8             10.6                   20.3        
                                 vs.                                 0.004                  \<0.001               \<0.001
                                 FOLFIRI                      34.8             6.2                    15.6        
  **Bokemeyer et al. [@B26]**    Cetuximab + FOLFOX           61               7.7                    \-          
                                 vs.                                 0.011                  0.0163                \-
                                 FOLFOX                       37               7.2                    \-          
  **Van Cutsem et al. [@B28]**   Cetuximab + FOLFIRI          57.3             9.9                    23.5        
                                 vs.                                 0.001                  0.0012                0.0093
                                 FOLFIRI                      39.7             8.4                    20.0        
  **Van Cutsem et al. [@B29]**   Cetuximab + FOLFIRI          46.9             8.9                    19.9        
                                 vs.                                 0.004                  0.048                 0.31
                                 FOLFIRI                      38.7             8.0                    18.6        
  **PRIME study [@B31]**         Panitumumab + FOLFOX         \-               9.6                    23.9        
                                 vs.                                 \-                     0.02                  0.072
  FOLFOX                         \-                                  8.0                    19.7                  

RR: response rate (%). PFS: progression free-survival (months). OS: overall survival (months).

###### 

Mainly clinical trial and targeted therapies in no first-line metastasic colorectal treatment.

  --------------------------------------------------------------------------------------------------------------------------------------
  Study                                          Design                   RR      p-value   Median PFS   p-value   Median OS   p-value
  ---------------------------------------------- ------------------------ ------- --------- ------------ --------- ----------- ---------
  **Eastern Coop. Oncology Group 3500 [@B35]**   Bevacizumab + FOLFOX\    22.7\   0.0001    7.3\         0.0001    12.9\       0.0011
                                                 vs.\                     8.6               4.7                    10.8        
                                                 FOLFOX                                                                        

  **Hurwitz et al. [@B17]**                      Bevacizumab + FOLFIRI\   \-\     \-        \-\          \-        25.1\       \-
                                                 vs.\                     -                 -                      22.2        
                                                 FOLFIRI                                                                       

  **EPIC study [@B36]**                          Cetuximab + FOLFIRI\     16.4\   0.0001    4.0\         0.0001    10.7\       0.71
                                                 vs.\                     4.2               2.6                    10.0        
                                                 FOLFIRI                                                                       

  **Peeters et al. [@B38]**                      Panitumumab + FOLFIRI\   \-\     \-        5.9\         0.004     14.5\       0.12
                                                 vs.\                     -                 3.9                    12.5        
                                                 FOLFIRI                                                                       

  **VELOUR study [@B39]**                        Aflibercept + FOLFIRI\   19.8\   0.0001    6.90\        0.0001    13.50\      0.0032
                                                 vs.\                     11.1              4.67                   12.06       
                                                 FOLFIRI                                                                       

  **RAISE study [@B40]**                         Ramucirumab + FOLFIRI\   \-\     \-        5.7\         0.0005    13.3\       0.0219
                                                 vs.\                     -                 4.5                    11.7        
                                                 FOLFIRI                                                                       
  --------------------------------------------------------------------------------------------------------------------------------------

RR: response rate (%). PFS: progression free-survival (months). OS: overall survival (months).
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